The effect of starch substitution by 30% of different mixtures of egg white and pea proteins (100:0; 75:25; 50:50; 25:75; 0:100) was studied. The effect of hydration levels on specific volume was determined in order to later study the physical characteristics of different protein-enriched breads with an adjusted hydration level to achieve a specific volume similar to that of commercial wheat breads (5.5 ± 0.5 cm 3 /g). Hydration level needs to achieve this specific volume increase when increasing pea protein ratio. Control batter presented the highest elastic modulus, followed by the batter enriched with pea protein. Elastic modulus decreased progressively when increasing egg protein content. Same trend was observed for the viscous modulus. Differently, hardness was increased by the presence of egg protein, while decreased with the presence of pea protein. Breads with the same amount of both proteins showed no significant differences, compared to the control hardness. Regarding crumb structure, egg protein generated a uniform structure of small air bubbles that opened progressively when the proportion of pea protein was increased, until the same levels of both proteins were added, closing again with a higher pea protein content, but was not as close as when egg protein only was added.
Introduction
There has been increasing interest in the protein enrichment of bakery goods among both the industry and scientific community in recent years. Some of the reasons for this trend are the specific needs of certain population groups that require a higher protein intake such as athletes, who have a recommended daily protein intake of 1.2_2 g/kg body weight (Thomas et al. 2016) , in contrast to the 0.83 g/kg body weight recommended for an average adult. In addition, some studies suggest that a protein intake that is higher than current recommendations may be beneficial for elderly people (Nowson and O'Connell 2015) , and when the recommended protein intake is not achieved through a regular diet, oral supplements are often prescribed (Nieuwenhuizen et al. 2010) . Recently, it has been proven that protein-enriched familiar foods increase the protein intake of hospitalised older adults, compared to a group that followed an energy-and protein-rich hospital menu with supplements (Beelen et al. 2018 ). This reaffirms the need for more scientific research in order to develop protein-enriched products and satisfy the demands of potential consumers. Gluten-free breads contain a lower protein content than those made with wheat (Miranda et al. 2014) , and therefore, the protein enrichment of gluten-free breads is an interesting option, as consumers of gluten-free breads are also demanding products of better nutritional quality.
Several studies have looked at the protein enrichment of gluten-free breads, but usually contain a protein addition of at most 10%, with the exception of some studies that have added up to 15% by means of egg white protein (Crockett et al. 2011; Han et al. 2019 ) and 15-30% of dairy proteins (Krupa-Kozak et al. 2013) , and Sahagún and Gómez (2018) studied the influence of the substitution of 30% of starch with vegetal or animal proteins.
In addition, little attention has been given to the effect of hydration levels in the characteristics of gluten-free breads; this could be due to the fact that no validated equipment to determine the optimal hydration levels of gluten-free breads, similar to the farinograph for wheat breads, exists. There have been some attempts to adjust the hydration levels of gluten-free breads to achieve a constant consistency (e.g. Martínez et al. (2014) or Ziobro et al. (2016) ). In other cases, hydration level of gluten-free breads was adjusted depending on the waterbinding capacity of some of the ingredients (e.g. Espinosa-Ramírez et al. (2018) ). These attempts have focused more on the effect of hydration levels on batters than on the parameters of the final breads. Other studies (e.g. Crockett et al. (2011)) have adjusted the hydration level, but have not taken into account the specific parameters of the dough or breads, making their adjustment hard to extrapolate. Only Ronda et al. (2015) , in their study of β-glucan concentrates, have adjusted hydration levels to optimise the specific volume, which is known to be an important quality parameter for consumers, as have Sahagún and Gómez (2018) in their investigation into the protein enrichment of gluten-free breads. In both studies, the hydration level was adjusted to achieve the maximum specific volume possible for each bread, after which the physical characteristics of the optimised breads were measured. Although these two studies have examined the influence of hydration levels not only on batter rheology but also on the characteristics of bread, it is also important to study the characteristics of gluten-free breads with specific volumes similar to those of commercial wheat breads (between 4.5 and 5.5 cm 3 /g) because this is one potential way of making them more appealing to potential consumers.
When Sahagún and Gómez (2018) modelled the influence of different hydration levels on specific volumes of proteinenriched gluten-free breads, they observed an antagonist effects on the characteristics of gluten-free breads, when the enrichment was done with vegetal or animal proteins. This being so, enriching gluten-free breads with protein mixtures of animal and vegetal sources could balance the effect of each protein and lead to breads that are more similar to nonenriched breads. In addition, unifying the specific volume makes it possible to study textural differences beyond the effects of specific volumes on this parameter. To the best of our knowledge, no studies have yet followed this approach.
In this study, the hydration levels of gluten-free batters with a substitution of 30% of maize starch with mixtures of egg white and pea proteins (100:0; 75:25; 50:50; 25:75; 0:100) were optimised to achieve a constant volume of 5.5 ± 0.5 cm 3 /g for all breads. To achieve a constant specific volume, the hydration level of each batter was optimised by modelling the influence of different batter hydration levels on the specific volumes of breads, after which the rheological and physical characteristics (texture and weight loss) of the optimised batters and breads were studied. 
Materials and Methods

Materials
Methods
Bread Formulation
The bread formulations are shown in Table 1 . The water content was dependent on the desired hydration level, as explained in the BThe Optimisation of the Hydration Levels of the Breads^section.
Yeast was mixed with the water for its hydration. All other ingredients were mixed for 1 min at speed 1 using a KitchenAid Professional mixer (Kitchen Aid, St. Joseph, Michigan, USA) with a dough hook (K45DH). Rehydrated yeast was then added and mixed with the rest of the ingredients for 8 min at speed 2. One hundred fifty grams of batter was placed into oil-coated aluminium pans (159 × 109 × 39 mm) and fermented at 30°C and 90% RH for 60 min. Subsequently, they were baked at 190°C for 40 min, after which they were removed from the aluminium pans and left to cool for 1 h at room temperature, before being packaged in polyethylene bags. The breads were stored at 24°C until analysed, and each elaboration was performed twice.
The Optimisation of the Hydration Levels of the Breads
The optimal hydration level (OHL) (g of water/100 g of protein-starch) for each sample was established after elaborating the breads with at least five different hydration levels ( Fig. 1 ) and measuring their specific volumes, following the methodology of Sahagún and Gómez (2018) with some modifications. In this case, the OHL was considered to be the hydration needed to achieve a specific volume of 5.5 ± 0.5 cm 3 /g. The OHL was calculated from the resulting equation of the modelling of each type of bread. Optimised batters (OBA) and optimised breads (OBE) were considered those that contained the amount of water needed to obtain the desired constant specific volume. The bread volumes were measured with a laserb a s e d s c a n n e r ( Vo l s c a n P r o f i l e r 3 0 0 ; S t a b l e Microsystems, Surrey, UK) and conducted on six loaves from each elaboration. The bread weights were also recorded, and the specific volume was calculated as the relationship between the bread volume and its weight:
Both parameters were measured the day after baking.
Rheological Characteristics of the OBA
The rheological behaviour of the OBA without yeast was studied using a Thermo Scientific Haake RheoStresscontrolled strain rheometer (Thermo Fisher Scientific, Schwerte, Germany) at 25°C, with a parallel-plate geometry (60-mm diameter titanium serrated plate-PP60 Ti). A 3-mm gap was used. The batters were placed in the rheometer and allowed to rest for 300 s before the analysis. A strain sweep 
Physical Characteristics of OBE
The weight loss of the OBE was determined using the following formula:
Weight loss % ð Þ ¼ Batter weight Bread weight 1 day after baking Â 100
Crumb texture was determined using a TA-XT2 texture analyser (Stable Microsystems, Surrey, UK). A 25-mm diameter cylindrical aluminium probe was used in a Btexture profile analysis^(TPA) double compression test. The experimental conditions were a penetration to 50% of the depth, a trigger force of 5 g, a test speed of 1 mm/s, and a 10 s delay between the first and second compressions. From each bread batch, two breads were sliced into pieces of 20 mm thickness and the two central slices were used in the measurement, as in Sahagún and Gómez (2018) . Hardness (N), springiness, cohesiveness, and chewiness were calculated. Measurements were done 1 and 5 days after baking. Samples were kept in polyethylene bags at 24°C prior to analysis.
Statistical Analysis
Data were studied using one-way analysis of variance (simple ANOVA). When significant (p < 0.05) differences were found, Fisher's least significant differences (LSD) test was performed to determine the differences among means. Statistical analyses were completed using Statgraphics Centurion XVI software (StatPoint Technologies Inc., Warrenton, Victoria, USA).
Results and Discussion
Hydration Optimisation
The relationship between specific volumes and hydration levels for each bread is shown in Fig. 1 . As expected, and as previously reported by Sahagún and Gómez (2018) , the specific volume was influenced by both the level of hydration and the source of protein. Control formula achieved its highest maximum specific volume at around 8 cm 3 /g, while 100P, 75P/25E, 50P/50E, 25P/75E, and 100E breads presented maximum specific volumes that were 27.5, 25.00, 25.00, 12.50, and 26.25%, respectively, lower than the control. For our target specific volume (5.5 ± 0.5 cm 3 /g), the control needed a hydration level of 69.95 g/100 g starch, while the 100E, 25P/75E, 50P/50E, 75P/25E, and 100P breads needed hydration levels of 80. 49, 70.24, 105.45, 110.85, and 139 .22 g/ 100 g starch-protein mixture, respectively. These results show that the hydration needs for our target specific volume increased progressively when the pea protein content was increased, which can be related to the higher and lower waterbinding capacity (WBC) of the pea and egg white proteins, respectively. WBC is defined as the amount of water retained by the sample after it has been centrifuged and the excess water has been removed. Ingredients with lower WBC gave place to more liquid-like batters than ingredients with higher WBC. Mancebo et al. (2017) observed in gluten-free breads with hydroxyl propyl methyl cellulose that a low batter consistency, that is decreased when increasing the hydration level in the formulation, improved the final bread volume, in agreement with our results. However, batter consistency should not be excessively low. Figure 1 indicates that from a certain hydration level, different for each batter, specific volume drops, in agreement with Mancebo et al. (2017) , Sahagún and Gómez (2018) , and Ziobro et al. (2016) . This Blimiting consistency^is the consistency at which the batter is not able to retain air bubbles during baking, and therefore, a drop in volume occurs (Miś et al. 2018) . The different Blimiting consistency^for each batter, further discussed (see BRheological Characteristics of OBA^), is likely to be related with the ability of each batter to entrap air in the form of air bubbles, influenced by the foaming capacity of the ingredients. It seems logical that when batters are enriched with egg white proteins, well known for their good foaming properties (Mine 1995) , they will retain air bubbles at a lower consistency than when enriched with pea proteins. This justifies the progressively higher Blimiting consistency,^when increasing the pea content in our batters.
Although to achieve the target volume higher amount of water was needed when increasing the pea protein content in breads, these needs were not the weighted average of the hydration level needed to achieve the maximum specific volume of the 100P and 100E breads. In addition, it is noteworthy that 25P/75E batters achieved the OHL with a hydration level lower than 100E. This shows that interactions between egg white and pea protein are taking place, probably related with the specific effect of each protein reported before (egg white protein reduces voids of the crumb structure due to the good foaming capacity, while pea protein increments the consistency due to the high WBC). Figure 1 shows that to achieve the highest protein-enriched breads volumes, batters with a high content of egg white protein are preferred. This is probably because egg white protein coagulates at relatively low temperatures (61-84°C) (Donovan et al. 1975) , and crumb structure sets at the early stages of baking, counteracting the consistency decrease that would result in breads with lower volumes. Nevertheless, a small percentage of pea protein, with high WBC, seems to help in the stabilisation, making consistency decrease less likely to happen before crumb structure is set. In fact, at the same hydration level, 25P/50E batters result in breads with higher volumes than those made with 100E batter. Therefore, to equal the volumes to our target volume, the hydration level of 25P/50E batter needed to be reduced respect the hydration of 100E. Nevertheless, this stabilising effect of pea protein only seems to work with high content of egg white protein, as a further increase in pea protein results in a poor crumb structure that will be discussed latter on (see BCharacteristics of OBE^).
Rheological Characteristics of OBA
Rheology of OBA is shown in Fig. 2 . 100E and 50P/50E batters' consistency was too low and it could not be measured. Although the hydration level of 100E was the lowest, waterbinding capacity of egg white protein is null (as shown in BMaterials^), which is most probably the factor that reduces the batter consistency, as ingredients with low WBC can entrap less water and give place to batters with lower consistency . Sahagún and Gómez (2018) experienced the same problem when measuring rheology with their batter enriched with egg white protein, and they also attributed this to its low consistency, in agreement with our observations.
All the other batters presented a G′ higher than G″, indicating a solid-like behaviour. Control OBA, which had one of the lowest hydration level, presented a significantly higher G′ and G″ with respect to all the other samples. For its part, the 100P OBA, which had the highest hydration level but also high water entrapment because of the high amount of pea protein (which has a high water-binding capacity), showed the highest G′ and G″, after the control OBA. 75P/25E and 25P/75E presented values significantly lower than 100P, without significant differences between them in terms of G′ and G″. Ziobro et al. (2016) and Crockett et al. (2011) also reported a decrease of G′ and G″ moduli, when albumin was added to gluten-free doughs. Despite the lack of significant differences between these two OBA, a trend was observed; when the pea protein content was decreased and the egg white protein increased, the consistency of the OBA was lower, in agreement with the trend apparent in the other samples. The fact that 25P/75E was measurable but 50P/50E was not may be due to the better entrapment of air bubbles by 25P/75E; that factor could be the responsible for the higher viscosity, due to the higher proportion of egg white protein, which has a good foaming capacity (Mine 1995) . Such better air entrapment could be the factor that compensates for the lower waterbinding capacity of the ingredients of this batter (25P/ 75E), compared to 50P/50E, giving this batter a measurable viscosity. In fact, better air entrapment in gluten-free bread batters with albumin has been reported by Nozawa et al. (2016) . OBA G′ was invariably more frequencydependent than G″. The results of this study support the observations of Ozturk and Mert (2018) , who stated that the viscoelastic behaviour of batters is driven by their water content, the water-binding capacity of their ingredients, and the capacity of the batters to entrap air. In addition, Martínez and Gómez (2017) reported a positive correlation between the water-binding capacity of ingredients and the consistency of batters.
Regardless of which batter presents lower or higher G′ and G″ values, it is important to make it clear that even with inconstant rheology among the samples, breads with constant specific volume were obtained, which shows that there are other parameters to take into consideration when developing gluten-free breads of good quality, in addition to consistency. We believe that our approach of unifying the specific volumes of gluten-free breads is plausible way of meeting consumer demands.
Characteristics of OBE
Weight loss and textural parameters of OBE are shown in Table 2 . OBEs with high egg white protein content (100E and 25P/75E) showed a weight loss significantly lower than the other OBE. These results may be driven by the lower hydration levels of OBA when containing higher egg white protein content. The lower the hydration levels, the lower the available water, which is in agreement with the results of Sahagún and Gómez (2018) and Mancebo et al. (2017) . However, our control OBE did not fit this explanation, because it had the lowest hydration level, but one of the highest weight lost. This can be explained by the thickness of the crust (Fig. 3) ; the control OBE presented the thinner crust, while the 100E OBE had the thickest.
With regard to the textural parameters, the literature usually finds a correlation between hardness and specific volume (Jafari et al. 2018; Mancebo et al. 2017; Martínez and Gómez 2017) . Since in this study the specific volume of all samples is constant, this theory cannot be applied to our results. The significant differences observed between our samples with a unified specific volume proves that hardness is influenced by other factors in addition to the specific volume, as suggested by Krupa-Kozak et al. (2013) .
It was observed that breads with a higher pea protein content (100P and 75P/25E) showed a significantly lower hardness than the control, while breads with a higher egg white protein content (100E and 25P/75E) revealed the opposite effect, increasing hardness values. Bread that had the same amount of pea and egg white proteins 50P/50E showed no significant differences to the control. These differences could be attributed to the good coagulation properties of egg white protein at a relatively low temperature, similar to the temperature required for starch gelatinisation (Biliaderis et al. 1980) , as shown by Bravo-Núñez and Gómez (2019) . In addition, the good foaming capacity of egg white proteins (Mine 1995) may be a driving factor that boosted the hardness values of 100E and 25P/75E, because it allows for the better retention of air inside the breads (Fig. 4) , which will result in a higher resistance to penetration (Mills et al. 2003) . Nevertheless, Han et al. (2019) did not find any differences between the control and up to 15% egg white protein-enriched breads. The differences between the findings of Han et al. (2019) and this study may be due to differences in the used ingredients (they use a commercial gluten-free flour and a different control formulation), the protein percentage, and their inconstant specific volume, again showing the importance of unifying specific volumes of gluten-free breads. Storage has been found to increase staling (and therefore crumb hardness) (Fadda et al. 2014) due to moisture loss, starch retrogradation, and interactions between bread constituents. The control bread showed a hardening that was more evident than the OBEs with a high content of pea protein (100P, 75P/25E, and 50P/ 50E). Similar to these results, Korus et al. (2015) showed that the crumbs of starch breads hardened faster than those of wheat breads (containing gluten protein). When the egg white content in the OBE was increased (25P/75E and 100E), the degree of hardening was found to be higher than for the others OBE. All the OBE showed an inverse correlation between initial hardness (day 0) and the hardening effect, in agreement with Sahagún and Gómez (2018) . The differences between OBEs containing more than one protein than the other can be attributed to the differences in the hydration of the doughs and WBC of the proteins. A high WBC of pea protein, together with the higher hydration level of doughs, when higher the ratio of pea protein, may help to retain water during storage. The findings of Han et al. (2019) contradict these results; they found that the hardening of gluten-free breads enriched with egg white proteins was lower than their control, but again, this could be due to the adjustments to hydration levels made in the course of this research. With regard to the rest of the measured textural parameters, springiness was not affected by any of the protein enrichments, nor by the ageing time. On day 1, cohesiveness was only enhanced by 100E, in agreement with Sahagún and Gómez (2018) . Nevertheless, after 5 days of storage, all the enriched breads showed significantly lower cohesiveness than the control, and a decrease with respect to day 1, while the control presented a higher cohesiveness after 5 days of storage. This may indicate that starch helps to maintain the cohesiveness of batters. Increasing the pea protein ratio resulted in a decrease in chewiness, while the increase in egg white protein had the opposite effect. The bread that contained the same amount of both proteins (50P/50E) showed similar values to the control.
The internal structure of the crumbs is shown in Fig.  4 . The uniform structure of breads with a higher amount of egg white protein (100 E and 25P/75E) is likely to be due to the good foaming capacity (Mine 1995) and relatively low denaturing temperature of egg white protein (61-84°C) (Donovan et al. 1975 ). This good foaming capacity means that very small bubbles are entrapped in the batter during the mixing and do not undergo coalescence during fermentation. When baking, a Bl o w^d e n a t u r i n g t e m p e r a t u r e i m p l i e s t h a t denaturisation is taking place in the early stages of this process and after this denaturalisation, disulphide bridges form between albumen molecules and lead to the formation of a very strong and elastic gel network structure (Kiosseoglou and Paraskevopoulou 2006) . Due to a high amount of air entrapped in the batter and the formation of a new elastic and resistant gel network, this air is not able to escape or break the network, giving rise to a uniform structure composed of small gas cells. Han et al. (2019) also obtained a more uniform and closed structure, when increasing the egg white protein content. The air cells of 25P/75E seemed slightly bigger than those of 100E, probably due to the presence of pea protein, and consequently lower amount of egg white protein in 25P/75E bread. The 100P bread presented a heterogenic and more open air-cell distribution, with some big and some small ones interconnected with each other, probably due to coalescence phenomena occurring during both the fermentation and baking stages, resulting in an opening of the bread crumb structure. This is likely to be due to the bad emulsifying properties of pea protein. For their part, 75P/25E and 50P/50E showed a similar internal cell distribution, with a relatively homogenous distribution of big cells, separated from each other by relatively wide Bwalls^, with small air cells inside. This effect is more obvious in the 50P/50E breads.
Conclusion
An examination of the influence of hydration levels on the specific volume of gluten-free breads allows the identification of the right level of hydration needed for a target specific Fig. 3 Images of the optimised gluten-free bread slices Fig. 4 Scanner images of the optimised gluten-free bread crumbs volume. This is a novel approach, in contrast with the widely use Bconstant consistency^method, suitable for wheat-based breads, but not for gluten-free ones.
For our target volume of 5 ± 0.5 cm 3 /g, hydration needs increased when increasing pea protein content. Batter consistency was found to be mainly influenced by the hydration level, the ability of the batter to entrap air, and the waterbinding capacity of their components. The lower hydration levels of batters containing ingredients with high waterbinding capacity can result in higher G´and G″ values than batters with higher hydration levels and ingredients with a lower water-binding capacity. The hardness increased when the proportion of egg white protein was increased, and decreased when the proportion of pea protein was increased, while bread with the same amount of both proteins presented no significant differences from the control. Of all the glutenfree breads studied, it seems that the bread with the same amount of both proteins presented similar characteristics with respect to the control.
